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, 2 1. 1
$0-xy$ , ,
$x$ , $y$ . , ,
. ,
$(u, v)$ , $\phi$ $\nabla\phi=(u, v)$ .
.
$\text{ ^{}2}\phi=0$ $\Omega$ (1)
$\frac{D\phi}{Dt}-\frac{1}{2}(u^{2}+v^{2})+a(t)\xi+g\eta=0$ $\Gamma_{1}$ (2)
$u= \frac{D\xi}{Dt’}$ $v= \frac{D\eta}{Dt}$ $\Gamma_{1}$ (3)




, $\Omega$ , $\Gamma_{1},$ $\Gamma_{2}$
. $t$ , $a(t)$ , $g$
. $\nabla^{2}$ 2 , $D/Dt$ , $\partial/\partial n$




$\xi$ : , $\eta=\phi=0$
.
, $\xi,$ $\eta,$ $\phi$
.
3.
2 $t$ $t+\Delta t$ . $\Delta t$ ,
2 , $t$ $(\xi, \eta)$
$t+\triangle t$ $(\xi’, \eta’)$ . , $\xi’,$ $\eta’$




, $\xi’,$ $\eta’$ .
$\xi’\approx\xi+\Delta t\frac{D\xi}{Dt}+\frac{(\triangle t)^{2}D^{2}\xi}{2Dt^{2}}+\cdots+\frac{(\Delta t)^{n}D^{n}\xi}{n!Dt^{n}}$ (5)
$\eta’\approx\eta+_{\backslash }\Delta t\frac{D\eta}{Dt}+\frac{(\Delta t)^{2}}{2}\frac{D^{2}\eta}{Dt^{2}}+\cdots+\frac{(\Delta t)^{n}D^{n}\eta}{n!Dt^{n}}$ (6)




$\text{ ^{}2}\phi=0$ $\Omega$ (7)
$\phi=\hat{\phi}^{\mathbb{T}}$
$\Gamma_{1}$ (8)
$\frac{\partial\phi}{\partial n}=0$ $\Gamma_{2}$ (9)
, $\hat{\phi}$ .
. (7)$-(9)$
$\alpha_{P}\phi_{P}-\int_{\Gamma_{1}}\frac{\partial\phi}{\partial n}\ln\frac{1}{r}d\Gamma+\int_{\Gamma_{2}}\phi\frac{\partial}{\partial n}(h\frac{1}{r})d\Gamma=-\int_{\Gamma_{1}}\hat{\phi}\frac{\partial}{\partial n}(\ln\frac{1}{r})d\Gamma$ (10)
. $\partial\phi/\partial n$ . ,
$\phi$ , 2 $\partial\phi/\partial s$
. , $\xi$ $\eta$ 1
$\frac{D\xi}{Dt}=u=\frac{\partial\phi}{\partial x}=\frac{\partial\phi}{\partial n}\ell-\frac{\partial\phi}{\partial s}m$ (11)
$\frac{D\eta}{Dt}=v=\frac{\partial\phi}{\partial y}=\frac{\partial\phi}{\partial n}m+\frac{\partial\phi}{\partial s}1$ (12)







$=$ $\frac{\partial u}{\partial t}+u\frac{\partial u}{\partial x}+v\frac{\partial u}{\partial y}$
$=$ $\frac{\partial\phi_{t}}{\partial x}+u\frac{\partial u}{\partial x}+v\frac{\partial u}{\partial y}$ (13)
. $\phi_{t}=\partial\phi/\partial t$ . $D^{2}\eta/Dt^{2}$
. , $u,$ $v$ 2




$\text{ ^{}2}\phi_{t}=0$ $\Omega$ (14)
$\phi_{t}=-\{\frac{1}{2}(u^{2}+v^{2})+a(t)\xi+g\eta\}$ $\Gamma_{1}$ (15)
$\frac{\partial\phi_{t}}{\partial n}=0$ $\Gamma_{2}$ (16)
, (15) .
$\partial\phi_{t}/\partial n$ , $\partial\phi_{t}/\partial s$
$h^{*},$ $\partial\phi_{t}/\partial x,$ $\partial\phi_{t}/\partial yh$
:
$\frac{\partial\phi_{t}}{\partial x}=\frac{\partial\phi_{t}}{\partial n}l-\frac{\partial\phi_{t}}{\partial s}m$ (17)
.
$\frac{\partial\phi_{t}}{\partial y}=\frac{\partial\phi_{t}}{\partial n}m+\frac{\partial\phi_{t}}{\partial s}\ell$ (18)





, $\xi$ $n$ ,
$\frac{D^{n}\xi}{Dt^{n}}$ $=$
$\frac{D^{n-1}u}{Dt^{n-1}}$
$=$ $\frac{D^{n-1}}{Dt^{n-1}}(\frac{\partial\phi}{\partial x})$ (19)
. , $n$
, $\phi$ $n-1$ $\partial^{n-1}\phi/\partial t^{n-1}(\equiv\Phi)$ $u,$ $v$
.
$\text{ ^{}2}\Phi=0$ $\Omega$ (20)
$\Phi=\hat{\Phi}$
$\Gamma_{1}$ (21)
$\frac{\partial\Phi}{\partial n}=0$ $\Gamma_{2}$ (22)
, . (21) $\hat{\Phi}$ ,
(2) .
, , (2) 2
1 ,







. , , $\Phi$ $\partial\Phi/\partial n$
:





















. , , .






$\Delta^{k}\phi=\frac{1}{k!}(\Delta t\frac{\partial}{\partial t}+\Delta x\frac{\partial}{\partial x}+\Delta y\frac{\partial}{\partial y})^{k}\phi$ (24)
$\Delta x=\xi^{u}-\xi$ , $\Delta y=\eta’’-\eta$ (25)







$f(t+ \Delta t)=f(t)+\Delta tf’(t)+\frac{(\Delta t)^{2}}{2}f’’(t)+\cdots$ (26)
$n$ ,




. (5)$-(6)$ , $f^{(n+1)}(\tau)$ .
$f^{(n+1)}( \tau)\approx_{1}\max_{\leq i\leq N}\{|(\frac{D^{n+1}\xi}{Dt^{n+1}}1_{i}|,$ $|( \frac{D^{n+1}\eta}{Dt^{n+1}})_{\dot{t}}|\}$
$N$ . $\xi,$ $\eta$ $n+1$ , 3
$n$ .




. 1 $m$ , . ,
40 .
$a(t)=-A\sin(\omega t)$ $t\geq 0$ (29)
. , $A=0.133g$ ( $g$ ), $\omega=5.10rad/s$ .



























. , . ,
, , .












$Y_{P}(t)=Y_{0}\{1-\exp(-\alpha t)\}$ $t>0$ (30)
. , 3
. , (30) 1
. , , $g$ $h$
. , (5), (6), (23) $n=3$ , $\epsilon$
$10^{-5}$ .
6 $-8$ , $x=0$ . ,





6: $x=0$ (impulsive motion)
$x10^{-2}$
$\ell\sqrt{g/h}$








. 8 creeping motion , $t\sqrt{g}/h=169.6$
, $x=0$
, $t\sqrt{g}/h=169.6$ .
, $Q$ If .
$Q= \int_{\Gamma}\frac{\partial\phi}{\partial n}d\Gamma$ (31)
$H= \int_{\Gamma_{1}}\eta$ dx–b $Y_{P}(t)$ . (32)
(31)
$Q= \int\int_{\Omega}\nabla^{2}\phi dxdy$ (33)
, $Q=0$ . $H$ ,
, $H=0$
.
2 . , $Q$ $H$ $Q^{*},$ $H^{*}$
.




, 3 , 6 , ,
. , $\epsilon$ , $Q$




4. 9 , 0.5m 0.6m
. $x$ $a(t)=-A\sin(2\pi ft)(A=0.0178g$ ,
$f=0.940Hz)$ . , 1 0.$944Hz$ .
10 . .
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